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Scientific  Progress 

Under  my  STIR  grant,  I  have  completed  the  initial  theoretical  work  along  this  new 

direction  [1].  In  this  theoretical  work,  we  introduced  an  SOC  term  in  a  Kondo  lattice  model,  which  contains  both  itinerant 
electrons  and  local  magnetic  moments,  in  two  dimensions  (2D).  I  demonstrated  a  new  and  intriguing  interplay  between  SOC 
and  Kondo  entanglement  in  the  2D  limit  induces  a  quantum  phase  transition,  with  the  SOC  introducing  both  a  competition  with 
the  Kondo  effect  and  non-trivial  topological  in  the  electronic  structure.  Specifically,  the  new  quantum  phase  transition  is  between 
a 

Kondo-destroyed  topological  insulator  phase  and  a  Kondo  insulator  phase.  More  generally,  our  results  suggest  that  heavy- 
fermion  systems  contain  a  new  parameter 

regime  that  features  a  competition  among  topological,  Kondo  coherent  and  magnetic  states. 

Based  on  my  work  supported  by  the  grant,  I  also  interacted  with  experimental  groups  to  open  up  a  completely  new  direction  of 
experimental  studies  on  the  2D  electrons  of  heavy-fermion  heterostructures.  In  particular,  I  interacted  with  the  group  S. 
Buehler-Paschen  of  Vienna  University  of  Technology,  regarding  the  molecular-beam-epitaxial  (MBE)  growth  of  Kondo  insulators 
and  heavy  fermion  metals.  We  identified  several  combinations  of  heavy  fermion  materials  for  MBE  growth,  including  that  of 
Ce3Bi4Pt3  and  Ce3Bi4Pd3.  In  anticipation  of  a  close  theory-experimental  collaboration  along  this  new  direction,  I  considered 
the  physical  properties  that  would  be  measurable  in  such  2D  electron  systems,  particularly  those  that  could  signify  the 
emergence  of  novel  phases.  Examples  include  the  normal  Hall  effect  and  quantum  oscillations,  which  probe  the  characteristics 
of  the  Fermi  surface,  and  the  intrisinc  anomalous  Hall  effect,  which  probes  the  Berry  curvature  of  the  electronic  states. 

The  above  lines  of  research  led  to  a  successful  submission  of  a  proposal  for  a  regular  grant  to  ARO  along  the  direction  opened 
up  by  the  STIR  grant. 
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